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EMMA (Expert Missile Maintenance Aid) 
is the result of research sponsored by the 
Air Force Armament Laboratory, Air Force 
Systems Command at Eglin Air Force Base 
(AFB), Florida. It is a first attempt to 
enhance inaintenance of a tactical munition 
at the field and depot level by using 
artificial intell igence (AI) techniques. 
The ultimate goal of EMMA is to help a 
nov ice na i ntenance technician i so 1 ate and 
diagnose electronic, electromechanical, 
and mechanical equipment faults to the 
board/chassis level more quickly and con- 
sistently than the best human expert using 
the best currently available automatic 
test equipment (ATE). To this end, EMMA 
augments existing ATE with an expert sys- 
tem that captures the knowledge of design 
and maintenance experts. 

This paper describes the EMMA pro- 
gram. It addresses such issues as how the 
f ield-level expert system prototypes were 
evaluated as well as the results of the 
evaluations. Additionally, current work 
on the depot-level prototypes is discussed 
as well as issues related to using DOD- 
STD-2167 to document the development of 
expert systems. This paper will briefly 
address several study tasks performed 
during EMMA. The paper concludes with a 
discussion of future plans for a follow-on 
program and other areas of concern. 

INTRODUCTION 

Weapon systems of today are undoubt- 
edly benefiting from technology advances 
and justifiably so. Munitions are becom- 
ing more sophisticated and "smarter" as a 
result of this technology. Electronically 
sophisticated munitions are quickly infil- 
trating the Department of Defense arsenal 
of weapons. Simple bombs are becoming 
relics of the past. 

However, some shortcomings can be 
associated with incorporating new techno1,- 
ogy into current and future weapon sys- 

- t i n . ,  W L I I - , : , I  I )  ~ s > i i n t + ~ ) , ~ n . e  w i l  1 surcly 
s u f f e r  a s  c ~ ~ ~ s - l l i ~ t ~ n r c ~  o f  thls technol- 
ogy. The technology advances that have 
improved the effectiveness of munitions 
are simultaneously complicating the main- 
tenance of these munitions by increasing 
the functionality of the munition typical- 
ly making the munition harder to maintain. 
Munition test equipment and associated 
software do not adequately diagnose 
faults. Automatic test equipment (ATE) is 
plagued by high false alarm rates. Guid- 
ance and control sections returned to the 
depot are currently experiencing approxi- 
mately 28 to 4 4 %  retest O K s .  Many faults, 
a s  many as one out of every four, cannot 
be detected by ATE. Sequential testing is 
typically how ATE perforins diagnostic 
testing. This limits the diagnostic capa- 
bilities of the test equipment. Addition- 
ally, ATE cannot diagnose beyond multiple 
1 inked components. 

Another aspect of munition mainte- 
nance that must be addressed when dealing 
with munition reliability is the personnel 
shortage. The current shortage of skilled 
munition maintenance technicians is a 
serious problem. Demographic projections 
indicate that this dilemma will not sub- 
side in the near future. Since experi- 
enced technicians are able to diagnose a 
fault quicker and more reliably than a 
novice, the knowledge acquire by the expe- 
r ienced technician (expert) throughout the 
years should be captured so that this 
knowledge can be used by novice techni- 
cians during future diagnostic sessions. 

Artificial intell igence (AI) technol- 
ogy is one approach to increasing the 
reliability and maintainability of ex- 
isting and future weapon systems. One 
popular and heavily cited definition of 
artificial intelligence is provided by Dr. 
Elaine Rich, University of Texas at 
Austin. She defines AI as follows: "Arti- 
ficial intelligence is the study of how 
computers do things at which, at the mo- 
ment, people are bstter" (Rich, 1983:l). 
A subset of AI is a field called expert 
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systems. This area of AI has emerged 
recently with the greatest amount of suc- 
cess (Hayes-Roth et al., 1983:xi). Donald 
Waterman defines expert systems as " s o -  
phisticated computer programs that manipu- 
late knowledge to solve problems effi- 
ciently and effectively in a narrow prob- 
lem area" (Waterman, 1986:xvii). 

The Air Force has recognized the 
importance of increasing munition reli- 
ability. In a joint memorandum, General 

and Verne O K K ,  former Secretary of the Air 
Force stated, "For too long, the reli- 
ability and maintainability of OUT weapon 
systems have been secondary considerations 
in the acquisition process. It is time to 
change this practice ....'I 

ElIllA 

Gabriel, former Air Force Chief Of Staff, 

EMMA (Expert Missile Maintenance Aid) 
is the result of research sponsored by the 
Air Force Armament Laboratory, Air Force 
Systems Command at Eglin AFB, Florida and 
is a first attempt to enhance Air Force 
tactical munition maintenance by applying 
art i f ic ia 1 in te 1 1 igence/expert system 
technology to ATE. The objective of EMMA 
is to develop an automated smart munition 
test system that augments existing ATE. 
The ultimate goal of EMMA is to help a 
novice munition technician isolate and 
diagnose electronic, electromechanical, 
and mechanical equipment faults to the 
board/chassis level more quickly and con- 
sistently than the best human expert using 
the best currently available ATE. 

EMMA is a thirty month effort split 
into two phases. Phase 1 began in Septem- 
ber 1986 and concluded 10 months later in 
J u l y  1987. This phase addressed the 
field-level maintenance of tactical muni- 
tions and ultimately resulted in two 
field-level expert system prototypes. 
Phase 2 began in August 1987 and is sched- 
uled to conclude in April 1989, 20 months 
later. Phase 2 focuses on depot-level 
maintenance and will produce two depot- 
level expert system prototypes. Since 
depot-level diagnostic activities are more 
in-depth and detailed than the field, this 
phase is expected to be more difficult and 
of greater complexity. This accounts for 
the greater time allotted to this phase. 
The prototypes from both phases are tar- 
geted towards the maintenance technicians. 
Since EMMA is constrained by schedule and 
money, the number of tests developed under 
this effort is limited, yet sufficient to 
demonstrate concept feasibility of using 
expert systems for munition maintenance. 

EMMA draws on many different types of 
knowledge and information to perform the 
diagnosis of the faulty munition. The 
EMMA knowledge base consists of mainte- 
nance rules o r  Technical Orders (TOS), 

maintenance technician practices (heuris- 
tics), Unit Under Test (UUT) design, ex- 
isting test equipment capabilities, fail- 
ure rates, and test costs. This knowledge 
is gleaned from various sources including 
TOs, schematics of the UUT and the test 
equipment, knowledge acquisition inter- 
views with munition maintenance experts 
and the experts that designed the munition 
and test equipment. Figure 1 depicts how 
this knowledge is brought to bear on the 
problem of diagnosing the faulty munition. 
First, the symptoms are derived from the 
test equipment and technician observa- 
tions. This information is supplied to 
the expert system via a sophisticated, 
User-friendly interface. The expert sys- 
tem then employs the knowledge stored in 
the knowledge bases and derives a repair 
strategy which is displayed to the techni- 
cian using the EMMA computer. 

S1*P10MS 

EXPERT 
SYSTEM 

Figure 1. EMMA Expert System 

EMMA is a dual contract effort per- 
formed by Raytheon Company, Missile Sys- 
tems Division in Bedford Massachusetts, 
and Rockwell International Corporation, 
Autonetics Sensors and Aircraft Systems 
Division in Anaheim, California. Both 
contractors will develop a phase 1 and 
phase 2 EMMA prototype resulting in a 
total of four prototypes. Both contrac- 
t o r s  were a1 lowed to select their candi- 
date vehicle for the EMMA program within 
specified limits. Raytheon selected the 
AIM-7F Sparrow missile as their candidate 
munition. Rockwell chose the GBU-15 modu- 
lar glide bomb. 

THE AIM-7F  FIELD-LEVEL EMMA PROTOTYPE 

The Raytheon field-level (phase 1) 
EMMA prototype was designed to enhance the 
field-level maintenance of the AIM-7F 
missile by augmenting the missile's test 
set. All references to the word "EMMA" in 
this section refer to the Raytheon AIM-'IF 
version of EMMA. The field-level test set 
for the AIM-7F is the AN/DSM-162 test set. 
EMMA is hosted on a Symbolics 3670 LISP 
machine running the expert system shell 
ART (Automated Reasoning Tool). ART pro- 
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v i d e s  a p r o d u c t i o n  l a n g u a g e  t h a t  i s  p r i -  
m a r i l y  r u l e - b a s e d .  C o n s e q u e n t l y ,  EMMA was 
d e v e l o p e d  u s i n g  t h e  r u l e - b a s e d  a p p r o a c h .  
The S y m b o l i c s  compute r  is c o n n e c t e d  t o  t h e  
AN/DSM-162 t e s t  s e t  v i a  a n  RS-232 c a b l e .  
F i g u r e  2 i l l u s t r a t e s  t h e  m a j o r  componen t s  
o f  t h e  E M M A  s y s t e m  a n d  how t h e y  a r e  i n t e r -  
c o n n e c t e d .  

AN/OSM 162 
TEST SET 

I PRINTER 

F i g u r e  2. AIM-7F F i e l d - l e v e l  
EMMA P r o t o t y p e  

The RS-232 c a b l e  a l l o w s  EMMA t o  o p e r -  
a t e  i n  t h r e e  m o d e s  -- a u t o m a t i c ,  semi- 
a u t o m a t i c ,  and  manua l .  The d i s t i n g u i s h i n g  
c h a r a c t e r i s t i c s  o f  t h e s e  modes  i s  t h e  
l e v e l  of  a u t o m a t i o n  EMMA is a l l o w e d  d u r i n g  
t h e  d i a g n o s t i c  s e s s i o n .  The a u t o m a t i c  
mode u s e s  t h e  RS-232 i n t e r f a c e  t o  a l l o w  
EMMA t o  d i r e c t  t h e  d i a g n o s t i c  t e s t i n g  and 
r e s e q u e n c i n g  of tests. EMMA a u t o m a t i c a l l y  
a c c e p t s  d a t a  f r o m  t h e  t e s t  se t  v i a  t h e  RS- 
232 c a b l e ,  p e r f o r m s  t h e  f a u l t  i s o l a t i o n ,  
a n d  d i r e c t s  t h e  t e s t  s e t  t o  p e r f o r m  a d d i -  
t i o n a l  tes t ,  i f  r e q u i r e d ,  u n t i l  t h e  f a u l t  
i s  d e t e c t e d  o r  a l l  t e s t s  p a s s .  I f  a f a u l t  
i s  d e t e c t e d  d u r i n g  a u t o m a t i c  o p e r a t i o n ,  
t h e  u s e r  may s w i t c h  t o  s e m i - a u t o m a t i c  mode 
f o r  c l o s e r  c o n t r o l  o v e r  t h e  t e s t i n g  a n d  
t h e  a b i l i t y  t o  q u e r y  a f t e r  e a c h  t e s t  s e g -  
men t . 

The s e m i - a u t o m a t i c  mode o p e r a t e s  s i m -  
i l a r  t o  t h e  a u t o m a t i c  mode w i t h  o n e  e x c e p -  
t i o n .  T h i s  mode s t o p s  e x e c u t i o n  o f  E M M A  
a t  t h e  c o m p l e t i o n  o f  e a c h  u n i q u e  t e s t  
s e g m e n t .  T h i s  a l l o w s  t h e  t e c h n i c i a n  t o  
q u e r y  E M M A  r e c o m m e n d a t i o n s  u s i n g  t h e  e x -  
p l a n a t i o n  c a p a b i l i t y .  A n o t h e r  a d v a n t a g e  
o f  t h e  a u t o m a t i c  m o d e s  (semi a n d  f u l l )  i s  

d a t a  i n t e g r i t y .  S i n c e  E M M A  p a s s e s  t h e  
d a t a  be tween  t h e  test set  and t h e  Symbol- 
i c s  c o m p u t e r  v i a  t h e  RS-232 c a b l e ,  t h e  
d a t a  a r e  m o r e  l i k e l y  t o  r e m a i n  v a l i d  as 
opposed  t o  t r a n s f e r r i n g  d a t a  v i a  a t e c h n i -  
c i a n  who c o u l d  i n a d v e r t e n t l y  i n t r o d u c e  
e r r o r s .  

The  l a s t  mode i s  m a n u a l .  T h i s  mode 
i s  p r o v i d e d  i n  c a s e  a n  RS-232 c o n n e c t i o n  
is n o t  p o s s i b l e .  A s  t h e  name i m p l i e s ,  a l l  
a c t i v i t i e s  b e t w e e n  t h e  t e s t  se t  a n d  t h e  
S y m b o l i c s  compute r  must  b e  p e r f o r m e d  man- 
u a l l y  by  t h e  t e c h n i c i a n .  EMMA w i l l  d i r e c t  
t h e  t e c h n i c i a n  t o  p e r f o r m  t h e  a p p r o p r i a t e  
a c t i o n s  t o  t h e  t e s t  s e t  a n d  w a i t  f o r  t h e  
r e s p o n s e .  The  t e c h n i c i a n  e n t e r s  t h e  re -  
s p o n s e s  f rom t h e  test  set i n t o  EMMA. 

A s  w i t h  mos t  e x p e r t  s y s t e m s ,  EMMA is 
a b l e  t o  e x p l a i n  i t s  r e a s o n i n g  p r o c e s s  t o  
t h e  u s e r  ( t e c h n i c i a n ) .  EMMA e x p l a i n s  i ts 
f a u l t  d e t e c t i o n  a n d  r e s e q u e n c i n g  l o g i c .  
I n  o t h e r  w o r d s ,  E M M A  e x p l a i n s  a d e t e c t e d  
f a u l t  a n d  why a c e r t a i n  t e s t  i s  b e i n g  
r ecommended .  Two l e v e l s  o f  e x p l a n a t i o n  
a r e  a v a i l a b l e  d e p e n d i n g  upon t h e  e x p e r i -  
e n c e  o f  t h e  t e c h n i c i a n .  The  t e c h n i c i a n  
may r e q u e s t  a n  e x p l a n a t i o n  d u r i n g  a n y  
p h a s e  o f  t h e  d i a g n o s t i c  p r o c e s s .  T h i s  
a l l o w s  t h e  t e c h n i c i a n  t o  q u e r y  EMMA d u r i n g  
a c o n s u l t a t i o n  which  h e i g h t e n s  t h e  t e c h n i -  
c i a n ' s  u n d e r s t a n d i n g  of  what EMMA is d o i n g  
w h i l e  s i m u l t a n e o u s l y  p r o v i d i n g  t h e  t e c h n i -  
c i a n  w i t h  a v a l u a b l e  t r a i n i n g  a i d .  

One o f  t h e  m o s t  c r i t i c a l  a s p e c t s  o f  
a n y  s o f t w a r e  s y s t e m  is its u s e r - f r i e n d l i -  
n e s s .  I f  t h e  s y s t e m  is d i f f i c u l t  t o  u s e  
a n d  t h e  u s e r  d o e s  n o t  u s e  i t ,  i t  h a s  
f a i l e d .  EMMA u s e s  windows t o  r e l a y  i n f o r -  
m a t i o n  t o  t h e  t e c h n i c i a n  a n d  a c c e p t s  i n -  
f o r m a t i o n  v i a  menus .  U s i n g  a m o u s e ,  t h e  
t e c h n i c i a n  i s  a b l e  t o  e n t e r  d a t a  q u i c k l y  
a n d  a c c u r a t e l y  w i t h o u t  h a v i n g  t o  l e a r n  
c r y p t i c  commands.  The  m a j o r i t y  o f  t h e  
d a t a  e n t e r e d  i n t o  E M M A  b y  t h e  t e c h n i c i a n  
i s  d o n e  u s i n g  t h e  m o u s e ;  h o w e v e r ,  some  
k e y b o a r d  i n p u t  is  r e q u i r e d .  F i g u r e  3 
s h o w s  t h e  s c r e e n  o f  a S y m b o l i c s  c o m p u t e r  
r u n n i n g  EMMA. 

THE GBU-15 FIELD-LEVEL EMUA PROTOTYPE 

The R o c k w e l l  f i e l d - l e v e l  ( p h a s e  1) 
EMMA p r o t o t y p e  was d e s i g n e d  t o  e n h a n c e  t h e  
f i e l d - l e v e l  m a i n t e n a n c e  o f  t h e  GBU-15 
g l i d e  bomb by a u g m e n t i n g  t h e  f i e l d - l e v e l  
test  se t  -- GJM-55. A l l  r e f e r e n c e s  t o  t h e  
word " E M M A "  i n  t h i s  s e c t i o n  r e f e r  t o  t h e  
R o c k w e l l  GBU-15 v e r s i o n  o f  E M M A  u n l e s s  
s t a t e d  o t h e r w i s e .  E M M A  is h o s t e d  on a IBM 
P C / A T  c o m p a t i b l e  c o m p u t e r  r u n n i n g  t h e  
e x p e r t  s y s t e m  s h e l l  M . l .  A l t h o u g h ,  t h e  
M . l  l a n g u a g e  is p r i m a r i l y  r u l e - b a s e d ,  EMMA 
was  d e v e l o p e d  u s i n g  a n  o b j e c t  o r i e n t e d  
a p p r o a c h .  The r u l e s  o f  t h e  knowledge  b a s e  
r e f e r e n c e  o b j e c t s  a n d  o b j e c t  a t t r i b u t e s .  
T h i s  E M M A  d i d  n o t  s u p p o r t  t h e  c a p a b i l i t y  
f o r  a n  a u t o m a t i c  mode d u e  t o  h a r d w a r e  

33 



,ORIGINAL PAGE IS 
OF POOR QUALrrY 

TESTM PRELAUNCH TUN'ING. PO. MISSILE READY 

TEST IKSCRIPTIOW 

1ESl 04 

(I= REFERENCED RF I S  PO.) 

RFIER IIE W R I E I  CYCLE IRS BEEN CORLEIEO. W E  
NISSILE IS IEADI IO IUE. WE WFtIED IWEE PHRSE 
4 w z  IS CONUERIED 10 -2s.e MC (KEEP mi= VOLIRGE) 
FOR NISSILE POUER RnD I N 1 0  6 0  WC FOR GIRO S W  
SInRl PWER. IIE KEEP RLIUE -25.8 UM: PROUIOES 
C ~ I I I O N I ~  IO SELECIIUE MISSILE CIRCUXTW DuIIl6 
TU€ I M .  wRRRN7 RM LMlllCll IO S F ~ l I O t l  MISSILE 
NODES. 

 HE 2 S E C O ~ I  IUNE IINER IS ncixunim IHE KEEP 
ALIUE YOLIRCE IKfl). IHE KR WLlAGE I E I W E D  FROM THE 

UP DOUN 

Help W h y  [StartKontinqeI EMERGENCY Lcve1:EXPERT User's Manual Quit 
7 

MANUAL PROCEMlAES 

Send configuration thumbwheels 0 3 1 0 
to test set 
Send MISSILE TEfl  RESET message 
WAITING 20 SECONDS. 
(MENU Disabled) 

TEST RESULTS 

F l l e h t  Control sari-1 nunb8r: I-41016 
T - r r t  Ssdrer sari-1 rmlbsr: I-41816 
CONFIG. 8118 
81  08513 
01 88122 
02 wee7 
83 00886 
a84 88887 MI 922 
t8S 08087 IKl 922 
81 00513 
81 00122 
82 08887 
83 00806 
*e4 88887 nL1 922 
a85 88887 IILI 922 

~ u l l  serial ~ l b r r :  ~811234 

I 

Figure 3. A I M - 7 F  EMMA Screen 

limitations thereby leaving only the man- 
ual mode (i.e., no connecting cable). 
Figure 4 i 1 lustrates the major components 
of the EMMA system and how they are inter- 
connected. 

Uncertainty is addressed in this 
version of EMMA. When EMMA asks the tech- 
nician for information, the technician may 
enter "unknown" as a response. EMMA will 
accommodate this response by adapting its 
reasoning process using uncertainty. Un- 
certainty is handled using a MYCIN-like 
representation. When a recommendation is 
displayed to the technician, the certainty 
of the recommendation is also displayed t o  
indicate the belief of the recommendation. 

The GBU-15 EMMA also possesses expla- 
nation capabilities. The technician may 
ask EMMA for an explanation or help at any 
time. EMMA will respond with either an 
explanation of the reasoning process or 
information that will guide the technician 
through the consultation. The explanation 
capability can handle queries regarding 
the reason a certain conclusion was 
reached or why EMMA is asking for informa- 
tion. As with the A I M - 7 F  EMMA, the GBU-15 
EMMA has two levels of explanation to 
accommodate the needs of different techni- 
cians. The same training benefits exist 
in the GBU-15 EMMA as the A I M - 7 F  EMMA. 

EMMA exploiks thp use of pull-down 
menus and function keys on the computer to 

CURRENT 
SITUATION 
nATA 

*- I *e 

RECOMMENOATIONS 
F O R  PROBLEM 

MAINTENANCE 
TECHNICIAN 

Figure 3. ( : B U - 1 5  Field-level 
EMMA rrototype 
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make i t  a s  u s e r  f r i e n d l y  a s  p o s s i b l e .  The 
m a j o r i t y  o f  t e c h n i c i a n  i n t e r a c t i o n  w i t h  
EMMA is p e r f o r m e d  u s i n g  t h e  keyboard .  The 
t e c h n i c i a n  t y p i c a l l y  r e s p o n d s  t o  E M M A  
q u e s t i o n s  and  r e q u e s t s  w i t h  s h o r t  a n s w e r s  
t h e r e b y  r e d u c i n g  t h e  p r o b a b i l i t y  o f  e r r o -  
n e o u s  d a t a  b e i n g  e n t e r e d .  F i g u r e  5 s h o w s  
t h e  s c r e e n  o f  t h e  c o m p u t e r  r u n n i n g  EMMA. 

EVALUATION OF THE EMMA PROTOTYPES 

M e a n i n g f u l  e v a l u a t i o n  o f  e x p e r t  s y s -  
tems h a s  b e e n  an o f t e n  d i s c u s s e d  b u t  se l -  
dom a c h i e v e d  t o p i c  w i t h i n  r e c e n t  y e a r s .  
More  o f t e n  t h a n  n o t  q u a n t i t a t i v e  me t r i c s  
a r e  s i m p l y  n o t  a v a i l a b l e  o r  m e a n i n g f u l  a s  
a n  e v a l u a t i o n  m e a s u r e .  S i n c e  a n  e x p e r t  
s y s t e m  e n c a p s u l a t e s  t h e  k n o w l e d g e  o f  a 
g i v e n  e x p e r t  i n  a g i v e n  f i e l d ,  t h e  e f f e c -  
t i v e  e v a l u a t i o n  o f  t h e  e x p e r t  system may 
b e  d i f f i c u l t  a t  b e s t .  V a l i d a t i o n  must  b e  
u s e d  t o  j u s t i f y  t h e  r e p r e s e n t a t i o n  l e v e l s  
o f  e x p e r t  s y s t e m s  ( O ' K e e f e  e t  a l . ,  1 9 8 7 ) .  

V a l i d a t i o n  is  t y p i c a l l y  c o n s i d e r e d  a 
p a r t  o f  e v a l u a t i o n ,  a n d  e v a l u a t i o n  is  
c o n c e r n e d  w i t h  d e t e r m i n i n g  t h e  comprehen-  
s i v e  v a l u e  o f  a n  e x p e r t  s y s t e m  (O'Keefe e t  
a l . ,  1 9 8 7 ) .  V a l i d a t i o n  s h o u l d  n o t  b e  
c o n f u s e d  w i t h  v e r i f i c a t i o n .  "Va l  i d a t i o n  
r e f e r s  t o  b u i l d i n g  t h e  r i g h t  s y s t e m  ( t h a t  
is, s u b s t a n t i a t i n g  t h a t  a s y s t e m  p e r f o r m s  
w i t h  a n  a c c e p t a b l e  l e v e l  o f  a c c u r a c y ) ,  
w h e r e a s  v e r i f i c a t i o n  r e f e r s  t o  b u i l d i n g  
t h e  s y s t e m  ' r i g h t '  ( t h a t  i s ,  s u b s t a n t i -  
a t i n g  t h a t  a s y s t e m  c o r r e c t l y  i m p l e m e c t s  
i t s  s p e c i f i c a t i o n s ) ' '  ( O ' K e e f e  e t  a l . ,  
1987) .  V a l i d a t i o n  and v e r i f i c a t i o n  w i l l  
b e  a d d r e s s e d  i n  t h i s  p a p e r  a s  t h e y  a p p l y  
t o  EMMA. 

Verificatiob of EMMA 

A u n i q h a s p e c t  o f  t h e  v e r i f i c a t i o n  
o f  t h e  E M M A  p r o g r a m  i s  t h a t  i t  u s e s  DOD- 
STD-2167, t h e  D e f e n s e  S y s t e m  S o f t w a r e  
Deve lopmen t  s t a n d a r d ,  t o  d e v e l o p  t h e  e x -  
p e r t  s y s t e m  p r o t o t y p e s .  T h i s  i s  o n e  o f  
t h e  f i r s t  a t t e m p t s  t o  a p p l y  t h i s  s t a n d a r d  
t o  t h e  d e v e l o p m e n t  o f  a n  e x p e r t  s y s t e m .  
DOD-STD-2167 t r a d i t i o n a l l y  e m p l o y s  t o p -  
down d e v e l o p m e n t  o f  l a r g e  s o f t w a r e  s y s -  
t e m s .  E x p e r t  s y s t e m s  on  t h e  o t h e r  h a n d  
a r e  d e v e l o p e d  u s i n g  a d e v e l o p m e n t  method-  
o l o g y  t h a t  i s  l e s s  r i g i d l y  d e f i n e d  w h i c h  
t y p i c a l l y  e n t a i l s  an i t e r a t i v e  a p p r o a c h  t o  
s o f t w a r e  d e v e l o p m e n t .  A d d i t i o n a l l y ,  e x -  
p e r t  s y s t e m s  a r e  u s u a l l y  c r e a t e d  b y  a 
r e l a t i v e l y  s m a l l  team. 

The EMMA p r o g r a m  h a s  shown t h a t  e x -  
p e r t  s y s t e m s  c a n  b e  d e v e l o p e d  u s i n g  DOD- 
STD-2167 s o f t w a r e  d e v e l o p m e n t  r e q u i r e -  
m e n t s .  W i t h  some  c a r e f u l  t a i l o r i n g  o f  
some  o f  t h e  d o c u m e n t s ,  t h i s  s t a n d a r d  c a n  
b e  e f f e c t i v e l y  u s e d  t o  d o c u m e n t  t h e  p r o -  
gram and p r o v i d e  t h e  p rogram manager v a l u -  
a b l e  i n s i g h t  i n t o  t h e  c o n t r a c t o r ' s  s o f t -  
ware  d e v e l o p m e n t ,  t e s t i n g ,  and  e v a l u a t i o n  
e f f o r t s .  The  t a i l o r e d  d o c u m e n t s  were 
a l t e r e d  t o  a c c o m m o d a t e  t h e  i t e r a t i v e  n a -  
t u r e  o f  e x p e r t  s y s t e m  d e v e l o p m e n t .  

S i n c e  v e r i f i c a t i o n  m u s t  d e t e r m i n e  
w h e t h e r  an e x p e r t  s y s t e m  c o r r e c t l y  i m p l e -  
m e n t s  i t s  s p e c i f i c a t i o n s ,  t e s t i n g  m u s t  
o c c u r  i n  o r d e r  t o  v a l i d a t e  t h i s  r e q u i r e -  
m e n t .  A g a i n ,  DOD-STD-2167 p r o v e d  t o  b e  
a d e q u a t e  f o r  v e r i f i c a t i o n  t e s t i n g  o n c e  
e x t e n d e d .  U s i n g  t h e  t e s t i n g  p r o c e d u r e s  
c a l l e d  o u t  i n  t h i s  s t a n d a r d ,  t h e  c o r r e c t  

EMMA CONFIG NO: 33 TEST NO: 0096 NOGO: INV/M6 A1 

COMPONENT CABLE CERTAINTY 

INV/CONV 60% 
CONTROL UNIT (HARNESS) UUT INPUT CABLE 053A20(BLU) 40°% 

RECOMMENDATION: 
CHECK THE INPUT CABLE OF THE UNIT UNDER TEST. IF OK, THEN 
R&R INV/CONV 

JUSTIFICATION: 
A RELATED TEST WITH A DIFFERENT INPUT CHANNEL PASSED AND 
THE PARAMETERS THAT FAILED WERE APPROXIMATELY ZERO; THUS 
THE INPUT CABLES OF THE UNIT UNDER TEST COULD BE THE 
CAUSE. A MORE LIKELY FAILURE IS THE INV/CONV BECAUSE THE 
+ 28 VDC ELECTRONICS IS COMPLEX AND COULD CAUSE ZERO 
FAILURES AS INDICATED 

F i g u r e  5. GBU-15 EMMA S c r e e n  
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i m p l e m e n t a t i o n s  of t h e  s p e c i f i c a t i o n s  f o r  
EMMA were v e r i f i e d .  TWO l e v e l s  o f  t e s t i n g  
o c c u r r e d  t o  a c c o m p l i s h  t h i s  t a s k .  F i r s t ,  
i n f o r m a l  t e s t i n g  t o o k  p l a c e .  T h i s  t e s t i n g  
v e r i f i e d  t h e  i n t e g r i t y  o f  t h e  i n d i v i d u a l  
c o m p u t e r  s o f t w a r e  u n i t s  b e f o r e  t h e  u n i t s  
were i n t e g r a t e d  i n t o  t h e  s y s t e m  and  t e s t e d  
a s  a s y s t e m .  I n f o r m a l  t e s t i n g  was  p e r -  
f o r m e d  b y  t h e  k n o w l e d g e  e n g i n e e r .  S i n c e  
e x p e r t  s y s t e m  d e v e l o p m e n t  is i t e r a t i v e  i n  
n a t u r e ,  i n f o r m a l  t e s t i n g  e s s e n t i a l l y  oc -  
c u r s  t h r o u g h o u t  d e v e l o p m e n t .  The knowl-  
e d g e  e n g i n e e r  a n d  t h e  e x p e r t  v e r i f y  t h e  
e x p e r t  s y s t e m  and  i d e n t i f y  p o t e n t i a l  c o r -  
r e c t i o n s  and enhancemen t s .  Based on t h e s e  
r e c o m m e n d a t i o n s ,  t h e  k n o w l e d g e  e n g i n e e r  
was  a b l e  t o  i n c o r p o r a t e  t h e  r ecommenda-  
t i o n s .  S e c o n d ,  f o r m a l  t e s t i n g  o c c u r r e d .  
An i n d e p e n d e n t  t e a m  p e r f o r m e d  t h e  f o r m a l  
t e s t i n g  b y  e x e r c i s i n g  E M M A  u s i n g  t e s t  
p l a n s  a n d  t e s t  d e s c r i p t i o n s  g e n e r a t e d  
u s i n g  DOD-STD-2167. 

V a l i d a t i o n  of EMMA 

The v a l i d a t i o n  o f  E M M A  w i l l  be a d -  
d r e s s e d  i n  t h i s  p a p e r  i n  t w o  a r e a s .  
F i r s t ,  t h e  p e r f o r m a n c e  v a l i d a t i o n  of EMMA 
w i l l  be d i s c u s s e d  (i.e., how w e l l  E M M A  
p e r f o r m e d ) .  S e c o n d ,  t h e  human f a c t o r s  
a s p e c t  o f  v a l i d a t i o n  w i l l  b e  a d d r e s s e d .  
Both  a r e a s  a r e  e x t r e m e l y  i m p o r t a n t  t o  t h e  
s u c c e s s  of  an expert  sys t em.  The f o l l o w -  
i n g  p a r a g r a p h s  w i l l  p r e s e n t  t h e  V a l  i d a t i o n  
o f  t h e  two  E M M A  p r o t o t y p e s .  The  v a l i d a -  
t i o n  m e t h o d o l o g y  w i l l  b e  d i s c u s s e d  f o l -  
lowed by  t h e  r e s u l t s  o f  t h e  v a l i d a t i o n .  

A s  w i t h  m o s t  e x p e r t  s y s t e m s ,  t h e  
u l t i m a t e  m e a s u r e  o f  s u c c e s s  is d e t e r m i n e d  
when t h e  s y s t e m  i s  u s e d  b y  t h e  e n d  u s e r s  
( i n  t h i s  c a s e  t h e  f i e l d - l e v e l  m u n i t i o n  
t e c h n i c i a n ) .  T h i s  i s  t h e  a p p r o a c h  t a k e n  
w i t h  t h e  EMMA p r o g r a m .  B o t h  c o n t r a c t o r s  
t o o k  t h e i r  r e s p e c t i v e  p r o t o t y p e s  t o  A i r  
F o r c e  b a s e s  i n  which  t h e i r  s e l e c t e d  muni- 
t i o n  is used  and  a f i e l d - l e v e l  m a i n t e n a n c e  
c a p a b i l i t y  exis ts .  T h i s  a l l o w e d  t h e  p r o -  
t o t y p e s  t o  be e v a l u a t e d  i n  an a c t u a l  f i e l d  
test e n v i r o n m e n t .  

A f t e r  c o n s i d e r i n g  s e v e r a l  a l t e r n a -  
t i v e s ,  b o t h  c o n t r a c t o r s  d e c i d e d  t o  u s e  a 
t o g g l e  s w i t c h  box t o  i n s e r t  f a u l t s  i n t o  a 
known g o o d  m i s s i l e .  T h i s  a p p r o a c h  was  
n e c e s s a r y  s i n c e  i t  was  f e a r e d  t h a t  t h e  
m a i n t e n a n c e  s q u a d r o n s  i n  t h e  f i e l d  m i g h t  
n o t  h a v e  a s u f f i c i e n t  number  o f  f a u l t y  
m u n i t i o n s  d u r i n g  t h e  e v a l u a t i o n  p e r i o d .  
T h e s e  f a u l t s  were i n d u c e d  b y  t h e  u s e r  b y  
s i m p l y  t o g g l i n g  o n e  o f  t h e  s w i t c h e s  which 
i n  t u r n  would  d i s t u r b  one  o r  more s i g n a l s  
w i t h i n  t h e  m u n i t i o n .  The  f a u l t s  were 
d e f i n e d  by  t h e  domain e x p e r t  s u c h  t h a t  t h e  
f a u l t s  would  a d e q u a t e l y  exercise t h e  v a r -  
i o u s  c h a r a c t e r i s t i c s  o f  t h e  E M M A  p r o t o -  
t y p e s  w h i c h  i n c l u d e d  t h e  r e s e q u e n c i n g  
l o g i c ,  t h e  e x p l a n a t i o n  c a p a b i l i t y ,  and t h e  
f a u l t  i s o l a t i o n  l o g i c .  To v e r i f y  t h e  
e x p e r t  was  n o t  t r y i n g  t o  s e l e c t  o n l y  t h e  

f a u l t s  EMMA c o u l d  h a n d l e  b e s t ,  t h e  mainte-  
n a n c e  e x p e r t s  a g r e e d  t h e  s e l e c t e d  f a u l t s  
were r e p r e s e n t a t i v e  o f  f a u l t s  t h e y  common- 
l y  e x p e r i e n c e .  

The A I M - 7 0  EnnA E v a l u a t i o n .  Raytheon 
t o o k  t h e i r  f i e l d  l e v e l  AIM-7F p r o t o t y p e  t o  
t h e  3 2 5 t h  E q u i p m e n t  M a i n t e n a n c e  Squadron  
(EMS) a t  T y n d a l l  AFB, F l o r i d a  f o r  a n  e v a l -  
u a t i o n  p e r i o d  t h a t  b e g a n  on  8 J u n e  1 9 8 7  
and c o n c l u d e d  on 12  J u n e  1987. 

The a r g u m e n t  c o u l d  b e  made t h a t  EMMA 
s h o u l d  a c c u r a t e l y  d i a g n o s e  a l l  t h e  i n d u c e d  
f a u l t s  s i n c e  t h e  e x p e r t  s y s t e m  a n d  t h e  
f a u l t s  were d e r i v e d  f r o m  t h e  s a m e  s o u r c e  
-- t h e  d o m a i n  e x p e r t .  I n  o r d e r  t o  demon-  
s t r a t e  t h e  r o b u s t n e s s  o f  E M M A ,  a n  a d d i -  
t i o n a l  e v a l u a t i o n  m e t h o d o l o g y  was  u s e d .  
Two f a u l t e d  missiles were s a v e d  by  t h e  EMS 
p r i o r  t o  t h e  e v a l u a t i o n .  T h e s e  missiles 
h a d  p r e v i o u s l y  f a i l e d  t e s t i n g  u s i n g  t h e  
AN/DSM-162 t e s t  se t .  H o w e v e r ,  t h e  f a u l t  
d a t a  f o r  t h e s e  missiles were n o t  r e l e a s e d  
by t h e  EMS p e r s o n n e l  u n t i l  a f t e r  t h e  EMMA 
e v a l u a t i o n .  A t h i r d  missile became a v a i l -  
a b l e  d u r i n g  t h e  EMMA e v a l u a t i o n  b y  f a i l i n g  
a f l i g h t  l i n e  t e s t  d u r i n g  p r e l a u n c h  t u n -  
ing .  T h i s  m i s s i l e  w a s  a n  e x c e l l e n t  e x e r -  
c i s e  f o r  t h ' e  E M M A  p r o t o t y p e  s i n c e  i t  was  
n o t  p r e v i o u s l y  t e s t e d  b y  t h e  AN/DSM-162 
test  set. I ts  f a u l t  was unknown t o  e v e r y -  
o n e  p r e s e n t  a t  t h e  e v a l u a t i o n .  A l l  t h r e e  
m i s s i l e s  ( s o m e t i m e s  r e f e r r e d  t o  a s  "mys- 
t e r y  missiles" d u e  t o  t h e i r  unknown p a s t )  
c o n t a i n e d  f a u l t s  unknown t o  EMMA o r  t h e  
d o m a i n  e x p e r t  t h e r e b y  e x e r c i s i n g  EMMA i n  
a n  u n p r e d i c t a b l e  manner.  

Four  m u n i t i o n  m a i n t e n a n c e  t e c h n i c i a n s  
f rom t h e  EMS a t  T y n d a l l  were u s e d  f o r  t h e  
e v a l u a t i o n .  Two t e c h n i c i a n s  were c l a s s i -  
f i e d  as  n o v i c e  w i t h  l i t t l e  e x p e r i e n c e  w i t h  
t h e  AN/DSM-162 tes t  set  and its a s s o c i a t e d  
o p e r a t i n g  p r o c e d u r e s .  The o t h e r  two t e c h -  
n i c i a n s  were c l a s s i f i e d  a s  e x p e r t s  w i t h  a 
s u b s t a n t i a l  b a c k g r o u n d  i n  u s i n g  t h e  
AN/DSM-162 t es t  s e t .  Two t e a m s  o f  t w o  
t e c h n i c i a n s  were c r e a t e d  c o n s i s t i n g  o f  o n e  
e x p e r t  a n d  o n e  n o v i c e .  O n e  t e a m  ( h e r e a f -  
ter  r e f e r r e d  t o  a s  t h e  EMMA team) r e c e i v e d  
e x t e n s i v e  t r a i n i n g  on  t h e  o p e r a t i o n  o f  
EMMA. The o t h e r  team ( h e r e a f t e r  r e f e r r e d  
t o  a s  t h e  non-EMMA t e a m )  was  n o t  t r a i n e d  
on  t h e  E M M A  s y s t e m  a n d  s e r v e d  a s  a b a s e -  
l i n e  f o r  t h e  e v a l u a t i o n .  

T w e l v e  f a u l t s  were i n s e r t e d  i n t o  a 
known good mis s i l e  u s i n g  t h e  t o g g l e  s w i t c h  
box .  The  f a u l t s  were d i a g n o s e d  b y  t h e  
E M M A  t e a m  u s i n g  t h e  E M M A  s y s t e m  a n d  t h e  
non-EMMA t e a m  u s i n g  j u s t  t h e  AN/DSM-162 
t e s t  s e t  a n d  t h e  a p p l i c a b l e  TO. P e r f o r -  
m a n c e  o f  t h e  two t e a m s  was  b a s e d  on  t h e  
l e v e l  of e x p e r t i s e  of t h e  o p e r a t o r ,  d u r a -  
t i o n  o f  t e s t ,  a n d  t h e  a b i l i t y  t o  d i a g n o s e  
t h e  f a u l t  a c c u r a t e l y .  
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The r e s u l t s  o f  t h i s  e v a l u a t i o n  exer- 
c i s e  were v e r y  p r o m i s i n g .  T h e r e  were 
t h r e e  s i g n i f i c a n t  r e s u l t s  d e r i v e d  from t h e  
e v a l u a t i o n .  F i r s t ,  t h e  EMMA s y s t e m  o p e r -  
a t e d  b y  t h e  EMMA team was a b l e  t o  c o n s i s -  
t e n t l y  d i a g n o s e  t h e  f a u l t  q u i c k e r  t h a n  t h e  
non-EMMA team u s i n g  j u s t  t h e  AN/DSM-162 
a n d  t h e  TO r e g a r d l e s s  o f  t h e  e x p e r i e n c e  
l e v e l  o f  t h e  E M M A  o p e r a t o r .  A t i m e  s a v -  
i n g s  o f  2 0 %  was s e e n  w i t h  t h e  n o v i c e  u s i n g  
EMMA o v e r  t h e  e x p e r t  u s i n g  t h e  AN/DSM-162. 
Second,  n o v i c e  t e c h n i c i a n s  u s i n g  t h e  E M M A  
s y s t e m  s i g n i f i c a n t l y  o u t p e r f o r m e d  (bet ter  
f a u l t  d i a g n o s e s )  n o v i c e  t e c h n i c i a n s  u s i n g  
j u s t  t h e  AN/DSM-162 a n d  p e r f o r m e d  3 3 %  
bet ter  t h a n  e x p e r t  t e c h n i c i a n s  u s i n g  j u s t  
t h e  AN/DSM-162. F i n a l l y ,  EMMA'S e x p l a n a -  
t i o n  c a p a b i l i t i e s  s i g n i f i c a n t l y  e n h a n c e d  
t h e  a b i l i t i e s  o f  t h e  E M M A  t e a m  t o  d e t e r -  
m i n e  t h e  r e a s o n  b e h i n d  e a c h  f a u l t .  

Once E M M A ' s  a b i l i t i e s  were e x e r c i s e d  
u s i n g  t h e  i n d u c e d  f a u l t s ,  E M M A  was p i t t e d  
a g a i n s t  t h e  m y s t e r y  m i s s i l e s  a g a i n  w i t h  
e x c e l l e n t  r e s u l t s .  The E M M A  team u s i n g  
EMMA c o r r e c t l y  i s o l a t e d  t h e  f a u l t s  i n  a l l  
t h r e e  missiles. O n l y  a f t e r  EMMA d i a g n o s e d  
t h e  f a u l t s  was t h e  p r e v i o u s  t e s t i n g  d a t a  
on t h e  missiles r e l e a s e d .  E M M A ' s  d i a g n o -  
s is  was c o n s i s t e n t  w i t h  t h i s  d a t a .  

User a c c e p t a n c e  o f  EMMA was o u t s t a n d -  
i n g .  In f a c t ,  t h e  t e c h n i c i a n s  a c c e p t e d  
E M M A ' s  d i a g n o s i s  o f  t h e  m i s s i l e  f r o m  t h e  
f l i g h t  l i n e  a n d  s a i d  t h e y  w o u l d  h a v e ,  i f  
a l l o w e d ,  s e n t  t h e  m i s s i l e  t o  t h e  d e p o t  
w i t h  no  f u r t h e r  t e s t i n g  u s i n g  t h e  AN/DSM- 
1 6 2  t es t  set .  T h i s  e x e m p l i f i e s  E M M A ' s  
a c c e p t a n c e  b y  t h e  EMS m a i n t e n a n c e  p e r s o n -  
n e l  a t  T y n d a l l  AFB. The t e c h n i c i a n s  f o u n d  
t h e  s y s t e m  t o  be v e r y  u s e r - f r i e n d l y .  The 
mouse and t h e  u s e  o f  menus made t h e  s y s t e m  
e a s i e r  t o  u s e  t h a n  t h e  b u l k y  a n d  c u m b e r -  
some TOs. A l s o ,  t h e  e x p l a n a t i o n  c a p a b i l i -  
t y  p r o v e d  t o  be a n  e f f e c t i v e  t r a i n i n g  
mechanism.  

The G B U - 1 5  EMMA Evaluation. R o c k w e l l  
e v a l u a t e d  t h e i r  GBU-15 E M M A  a t  t h e  4 t h  
Equipment  M a i n t e n a n c e  Squadron  l o c a t e d  a t  
Seymour J o h n s o n  AFB, N o r t h  C a r o l i n a  d u r i n g  
t h e  p e r i o d  o f  22 J u n e  t h r o u g h  29 J u n e  
1987.  

F o u r  m a i n t e n a n c e  t e c h n i c i a n s  were 
used  i n  t h e  e v a l u a t i o n  o f  t h e  EMMA p r o t o -  
t y p e .  Two t e c h n i c i a n s  were c o n s i d e r e d  
e x p e r t s  w i t h  s e v e r a l  y e a r s  o f  e x p e r i e n c e  
w i t h  t h e  G B U - 1 5  t e s t  e n v i r o n m e n t .  The 
r e m a i n i n g  two t e c h n i c i a n s  were c o n s i d e r e d  
n o v i c e s  w i t h  l e s s  t h a n  6 m o n t h s  o f  e x p e -  
r i e n c e .  A n o t h e r  i m p o r t a n t  d i s t i n c t i o n  
be tween t h e  e x p e r t  and n o v i c e  t e c h n i c i a n s  
i s  t h e  f a c t  t h a t  t h e  e x p e r t  t e c h n i c i a n s  
owned p e r s o n a l  c o m p u t e r s  a n d  t h e r e f o r e  
were f a m i l i a r  w i t h  how c o m p u t e r s  o p e r a t e  
w h e r e a s  t h e  n o v i c e  t e c h n i c i a n s  d i d  n o t  own 
c o m p u t e r s  a n d  h a d  n e v e r  u s e d  a c o m p u t e r  
b e f o r e  t h e  E M M A  e v a l u a t , i o n .  A l l  f o u r  
t e c h n i c i a n s  were t r a i n e d  on how t o  u s e  t h e  

E M M A  s y s t e m .  A f t e r  t h i s  b r i e f  t r a i n i n g ,  
t h e  t e c h n i c i a n s  f e l t  v e r y  c o m f o r t a b l e  
u s i n g  t h e  s y s t e m .  

Twenty-two s i m u l a t e d  f a u l t s  were i n -  
d u c e d  i n t o  t h e  known g o o d  m u n i t i o n  w i t h  
t h e  i n t e n t  o f  e v a l u a t i n g  E M M A ' s  c a p a b i l  i -  
t ies  t o  h a n d l e  t h e  f o l l o w i n g  f i v e  a r e a s :  
r e s o l u t i o n  o f  a m b i g u i t i e s  b e t w e e n  m a j o r  
s h o p  r e p l a c e a b l e  u n i t s  (SRU), r e f e r e n c i n g  
l o w e r  c o n f i g u r a t i o n  t e s t i n g  t o  f a c i l i t a t e  
f u r t h e r  c o m p o n e n t  r e s o l u t i o n ,  d i s t i n -  
g u i s h i n g  b e t w e e n  a c a b l e  f a i l u r e  a n d  a 
c i r c u i t  c a r d  a s s e m b l y  (CCA) g a i n  f a i l u r e ,  
r e s o l u t i o n  o f  a m b i g u i t i e s  b e t w e e n  C C A ' s ,  
a n d  r e c o g n i z i n g  o p e r a t o r  e r r o r s  o r  tes t  
s e t  p r o b l e m s .  S i x  o f  t h e  t w e n t y - t w o  i n -  
d u c e d  f a u l t s  were i n  t h e  a l l - u p - r o u n d  
( A U R )  c o n f i g u r a t i o n  (i.e., t h e  t e s t  was 
p e r f o r m e d  w h i l e  t h e  GBU-15 m u n i t i o n  was 
c o m p l e t e l y  i n t a c t ) .  The r e m a i n i n g  s i x t e e n  
f a u l t s  were i n  t h e  c o n t r o l  m o d u l e  s t a n d  
a l o n e  c o n f i g u r a t i o n .  E M M A  w a s  a b l e  t o  
h a n d l e  t h e s e  f i v e  a r e a s  b y  a n a l y z i n g  a d d i -  
t i o n a l  t e s t  p a r a m e t e r s  a s  w e l l  a s  i n s t i -  
t u t i n g  and a n a l y z i n g  tests r e l a t e d  t o  t h e  
f a  i 1 ed t e s t  . 

The d i a g n o s t i c  r e s u l t s  o f  t h e  i n d u c e d  
f a u l t s  showed s u b s t a n t i a l  t i m e  s a v i n g s  i n  
f a u l t  i s o l a t i o n  and i n c r e a s e d  d i a g n o s t i c  
c a p a b i l i t i e s .  W h i l e  t h e  m u n i t i o n  was i n  
t h e  c o n t r o l  m o d u l e  s t a n d  a l o n e  c o n f i g u r a -  
t i o n ,  a t i m e  s a v i n g s  o f  4 0 %  was s e e n  o v e r  
c o n v e n t i o n a l  t e s t i n g  w i t h  t h e  GJM-55. 
When t h e  m u n i t i o n  w a s  i n  t h e  A U R  c o n f i g u -  
r a t i o n ,  E M M A  was a b l e  t o  p r o v i d e  u p  t o  7 4 %  
t i m e  s a v i n g s .  T h i s  is d u e  t o  E M M A ' s  c a p a -  
b i l i t y  t o  r e s o l v e  f a i l u r e s  w h i l e  t h e  muni-  
t i o n  i s  i n  t h e  A U R  c o n f i g u r a t i o n  t h e r e b y  
s a v i n g  t h e  t e c h n i c i a n  from h a v i n g  t o  p e r -  
f o r m i n g  t e s t i n g  i n  s t a n d  a l o n e  c o n f i g u r a -  
t i o n .  

The GJM-55 t e s t  s e t ,  i n  s o m e  s i t u a -  
t i o n s ,  w i l l  r ecommend  m o r e  t h a n  o n e  sus- 
p e c t e d  f a i l u r e .  T h i s  g r o u p  o f  f a i l u r e s  is 
c a l l e d  a n  a m b i g u i t y  g r o u p  s i n c e  t h e  t e s t  
se t  c a n n o t  r e s o l v e  a n y  f u r t h e r  t h a n  t h i s  
group.  T h i s  is a n o t h e r  o f  E M M A ' s  c a p a b i l -  
i t i e s  t h a t  d e m o n s t r a t e d  p r o m i s i n g  p e r f o r -  
mance a s  s e e n  by  t h e  r e s u l t s  t h a t  f o l l o w .  
EMMA a l s o  c o n s i d e r e d  t h e  p o s s i b i l i t y  o f  a 
c a b l e  h a r n e s s  f a i l u r e  o r  t h e  t e s t  s e t  i s  
f a i l i n g .  Based on t h e s e  c a p a b i l i t i e s  E M M A  
was  a b l e  t o  s i g n i f i c a n t l y  i m p r o v e  f a u l t  
i s o l a t i o n .  The r e su l t s  o f  t h e  twenty- two 
s i m u l a t e d  f a u l t s  d e m o n s t r a t e  t h i s  improve-  
m e n t .  E M M A  a d d e d  a w i r i n g  h a r n e s s  c h e c k  
t o  5 0 %  o f  a l l  t e s t s .  E M M A  d e l e t e d  a CCA 
f r o m  a n  a m b i g u i t y  g r o u p  4 0 %  o f  t h e  t i m e  
t h e r e b y  r e d u c i n g  t h e  n u m b e r  o f  CCA t o  b e  
c o n s i d e r e d  d u r i n g  t e s t i n g .  E M M A  a d d e d  a 
C C A  t o  a n  a m b i g u i t y  g r o u p  3 0 %  o f  t h e  t i m e  
t o  i n s u r e  a l l  p o t e n t i a l  C C A ' s  a r e  c o n -  
s i d e r e d  d u r i n g  t h e  t e s t i n g .  T h i s  i n d i -  
c a t e s  t h a t  t h e  t es t  set  s o m e t i m e s  d i d  n o t  
c o n s i d e r  a l l  p o t e n t i a l  C C A ' s .  F i n a l l y ,  
EMMA e x c h a n g e d  o n e  s u s p e c t  CCA i n  an ambi- 
g u i t y  g r o u p  f o r  a n o t h e r  CCA 1 0 %  o f  t h e  

37 



t i m e .  The a b i l i t y  t o  m a n i p u l a t e  t h e  ambi- 
g u i t y  g r o u p  t o  b e n e f i t  f a u l t  i s o l a t i o n  was 
d e m o n s t r a t e d  b y  EMMA a n d  p r o v e d  t o  b e  a n  
e f f e c t i v e  f a u l t  i s o l a t i o n  t e c h n i q u e .  
T h e s e  r e s u l t s  d i r e c t l y  s u p p o r t  t h e  t i m e  
s a v i n g s  p r e v i o u s l y  men t ioned .  

The GBU-15 E M M A  p r o t o t y p e  a l s o  re- 
c e i v e d  a c c o l a d e s  f o r  i t s  u s e r  f r i e n d -  
l i n e s s .  T h e  t e c h n i c i a n s  u s e d  E M M A  w i t h  
c o m f o r t  a n d  f o u n d  s e v e r a l  i t e m s  t o  b e  
p a r t i c u l a r l y  l a u d a b l e .  Among t h e s e  items 
was t h e  u n d e r s t a n d a b i l i t y  o f  EMMA. The 
e x p l a n a t i o n  c a p a b i l i t y  p r o v i d e d  e a s y  t o  
u n d e r s t a n d  r e s p o n s e s .  Ano the r  a s p e c t  t h e y  
f o u n d  b e n e f i c i a l  was  t h e  a d d i t i o n  o f  t h e  
i n t e r n a l  w i r i n g  h a r n e s s  c h e c k  a s  o n e  o f  
t h e  r e a s o n s  f o r  a f a u l t  s i n c e  t h i s  c h e c k  
is r e l a t i v e l y  " i n e x p e n s i v e "  t o  p e r f o r m  and 
c a n  p r e v e n t  u n n e c e s s a r y  a n d  p o t e n t i a l l y  
c o s t l y  f u t u r e  t e s t i n g .  The  t r a i n i n g  p o -  
t e n t i a l  o f  EMMA was a l s o  m e n t i o n e d  a s  o n e  
o f  i t s  m a j o r  a s s e t s  w i t h  t h e  s h o r t a g e  o f  
s k i l l e d  t e c h n i c i a n s  i n  t h e  m u n i t i o n  main-  
t e n a n c e  f i e l d .  

EMMA PHASE 2 

B o t h  c o n t r a c t o r s  a r e  c u r r e n t l y  i n  
p h a s e  2 o f  t h e  EMMA program. A s  p r e v i o u s -  
l y  m e n t i o n e d ,  p h a s e  2 f o c u s e s  on t h e  main- 
t e n a n c e  o f  t a c t i c a l  m u n i t i o n s  a t  t h e  d e p o t  
l e v e l .  More  s p e c i f i c a l l y ,  R a y t h e o n  is  
f o c u s i n g  on t h e  d e p o t - l e v e l  m a i n t e n a n c e  o f  
t h e  AIM-7F. Rockwel l  is u s i n g  t h e  GBU-15 
a s  i t s  d e p o t - l e v e l  m a i n t e n a n c e  m u n i t i o n .  
P h a s e  2 i s  a n a t u r a l  e x t e n s i o n  o f  p h a s e  1 
s i n c e  f i e l d - l e v e l  f a u l t s  a r e  s e n t  t o  t h e  
d e p o t  f o r  r e p a i r .  The  p r o t o t y p e s  d e v e l -  
o p e d  d u r i n g  t h e  p h a s e  2 e f f o r t  w i l l  be 
m o r e  d e t a i l e d  e x t e n s i o n s  o f  t h e  p h a s e  1 
p r o t o t y p e s  w i t h  o n e  e x c e p t i o n ;  t h e  p h a s e  2 
p r o t o t y p e s  w i l l  a u g m e n t  t h e  d e p o t - l e v e l  
t e s t  sets. The  d e p o t  tes t  s e t  f o r  t h e  
AIM-7F i s  t h e  AN/DPM-22 t e s t  set .  The 
GBU-15 d e p o t - l e v e l  test s e t  is CATS ( C a l -  
c u l a t o r  A u t o m a t i c  T e s t  S t a t i o n ) .  

The  d e p o t - l e v e l  p r o t o t y p e s  w i l l  be 
i m p l e m e n t e d  on t h e  same compute r  h a r d w a r e  
u s i n g  t h e  same e x p e r t  s y s t e m  s h e l l s  a s  t h e  
f i e l d - l e v e l  p r o t o t y p e s .  However,  o n e  d i f -  
f e r e n c e  be tween  t h e  f i e l d  and d e p o t  p r o t o -  
t y p e s  f o r  b o t h  c o n t r a c t o r s  i s  t h e  i n t e r -  
f a c e  b e t w e e n  t h e  t e s t  s e t  a n d  t h e  E M M A  
c o m p u t e r .  The  R a y t h e o n  i n t e r f a c e  w i  11 
o n l y  s u p p o r t  one-way c o m m u n i c a t i o n  f r o m  
t h e  t e s t  se t  t o  t h e  E M M A  c o m p u t e r  d u e  t o  
tes t  s e t  l i m i t a t i o n s .  T h i s  i s  d i f f e r e n t  
t h a n  t h e  two-way c o m m u n i c a t i o n  o f  t h e  
f i e l d  p r o t o t y p e .  Rockwel l  is u s i n g  a two- 
way c o m m u n i c a t i o n  i n t e r f a c e  b e t w e e n  t h e  
test set  and  t h e  EMMA compute r  w h e r e a s  t h e  
f i e l d  p r o t o t y p e  i n t e r f a c e  was m a n u a l .  
Both  p r o t o t y p e s  w i l l  a g a i n  i n c o r p o r a t e  an 
e x p l a n a t i o n  c a p a b i l i t y  f o r  t h e  t e c h n i -  
c i a n s .  

The  e v a l u a t i o n  o f  t h e  d e p o t  p r o t o -  
t y p e s  w i l l  f o l l o w  t h e  s a m e  m e t h o d o l o g y  
u s e d  i n  p h a s e  1. Each  p r o t o t y p e  w i l l  be 
e v a l u a t e d  a t  t h e  a c t u a l  d e p o t  l o c a t i o n  by  
a c t u a l  d e p o t  t e c h n i c i a n s .  Once  a g a i n ,  
b o t h  e v a l u a t i o n s  a r e  s c h e d u l e d  t o  l a s t  
f i v e  d a y s  a n d  a r e  s c h e d u l e d  t o  o c c u r  i n  
F e b r u a r y  1989. The AIM-7F p r o t o t y p e  w i l l  
b e  e v a l u a t e d  a t  t h e  N a v a l  A v i a t i o n  Depot 
( N A V A V N D E P )  i n  A l a m e d a ,  C a l i f o r n i a .  The  
GBU-15 p r o t o t y p e  w i l l  b e  e v a l u a t e d  a t  
R o c k w e l l ' s  Missile S y s t e m s  D i v i s i o n  i n  
A t l a n t a ,  G e o r g i a  s i n c e  a n  o r g a n i c  d e p o t  
c a p a b i l i t y  c u r r e n t l y  d o e s  n o t  e x i s t .  

FOLLOW-ON PROGRAMS TO EMUA -- EUMA 2 
A f o l l o w - o n  program w i l l  be i n i t i a t e d  

i n  e a r l y  1 9 9 0  -- E M M A  2. The  p r i m a r y  
t h r u s t  o f  E M M A  2 i s  t o  d e v e l o p  a n  e x p e r t  
s y s t e m  t h a t  is  c a p a b l e  o f  d i a g n o s i n g  a 
f a m i l y  o f  t a c t i c a l  m u n i t i o n s  a t  t h e  d e p o t  
l e v e l .  The c u r r e n t  EMMA is l i m i t e d  t o  o n e  
m u n i t i o n  p e r  p r o t o t y p e .  E M M A  2 w o u l d  
a t t e m p t  t o  e x p a n d  t h e  c u r r e n t  p r o t o t y p e  
c a p a b i l i t i e s  t o  i n c l u d e  m u l t i p l e  m u n i t i o n s  
f r o m  t h e  same f a m i l y  (e.g. ,  A I M  f a m i l y ,  
GBU f a m i l y ,  s u r f a c e - t o - a i r  f a m i l y ,  etc.). 
EMMA 2 would  draw on the best f e a t u r e s  of 
a l l  p r o t o t y p e s  d e v e l o p e d  i n  t h e  two p h a s e s  
o f  E M M A  t o  d e r i v e  a r o b u s t  s y s t e m .  

OTHER ISSUES/OBSERVATIONS 

The f o l l o w i n g  p a r a g r a p h s  p r e s e n t  o t h -  
er a r e a s  o f  i n t e r e s t  t o  t h e  EMMA program. 

S t u d  i es 

A s  p a r t  o f  t h e  p h a s e  1 e f f o r t ,  f i v e  
s t u d i e s  were c o n d u c t e d  t o  a d d r e s s  a r e a s  o f  
c o n c e r n  t h a t  c o u l d  b e  i n c o r p o r a t e d  i n t o  
t h e  d e p o t - l e v e l  p r o t o t y p e s  and p o t e n t i a l l y  
i n  f u t u r e  m a i n t e n a n c e  e x p e r t  s y s t e m s .  
These  s t u d i e s  i n c l u d e d  t h e  r e u s e  o f  muni- 
t i o n  t e s t  p r o g r a m s ,  t h e  u s e  o f  t h e  Ada 
l a n g u a g e  f o r  e x p e r t  s y s t e m  d e v e l o p m e n t  and 
A T E  t e s t  p r o g r a m s ,  t h e  a p p l i c a b i l i t y  o f  
t h e  M o d u l a r  A u t o m a t i c  T e s t  E q u i p m e n t  
(MATE) s t a n d a r d  t o  EMMA, t h e  a p p l  i c a b i  1 i t y  
o f  t h e  W a r n e r  R o b i n s  R e l i a b i l i t y  A s s e t  
M o n i t o r  (RAM) d a t a b a s e  t o  EMMA and  f u t u r e  
m a i n t e n a n c e  e x p e r t  s y s t e m s ,  and  t h e  s e c u -  
r i t y  issues o f  e x p e r t  s y s t e m s .  A c o m p l e t e  
d i s c u s s i o n  o f  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  
is beyond t h e  s c o p e  o f  t h i s  p a p e r .  The re -  
f o r e ,  t h e  i n t e r e s t e d  r e a d e r  is r e f e r r e d  t o  
t h e  two f i n a l  r e p o r t s  o f  p h a s e  1 ( E l e r i n  
e t  a l . ,  1 9 8 7 ;  D a v i s ,  1 9 8 7 ) .  T h e s e  f i n a l  
r e p o r t s  a r e  s p l i t  i n t o  two  v o l u m e s ;  t h e  
s e c o n d  v o l u m e  c o n t a i n s  a c o m p l e t e  d i s c u s -  
s i o n  of t h e  r e s u l t s  o f  t h e s e  s t u d i e s .  

C u r r e n t  U a i n t e n a n c e  P h i l o s o p h y  

The c u r r e n t  m u n i t i o n  m a i n t e n a n c e  p h i -  
l o s o p h y  o f  t h e  T a c t i c a l  A i r  Command (TAC) 
f o r  f i e l d  m a i n t e n a n c e  is  t h a t  o f  f a u l t  
d e t e c t i o n  ( g o / n o g o  t e s t i n g ) .  I f  a f a u l t  
d o e s  o c c u r  i n  t h e  f i e l d ,  t h e  s u s p e c t e d  
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f a u l t y  s e c t i o n  o f  t h e  m i s s i l e  is  s e n t  t o  
t h e  d e p o t  f o r  r e p a i r .  One o f  t h e  d r i v i n g  
f a c t o r s  o f  t h i s  p h i l o s o p h y  is t h e  s h o r t a g e  
o f  s k i l l e d  m a i n t e n a n c e  t e c h n i c i a n s  i n  
f i e l d - l e v e l  m a i n t e n a n c e .  

S i n c e  t r a i n i n g  t h e s e  t e c h n i c i a n s  i s  
c o s t l y ,  TAC d e c i d e d  t o  e l i m i n a t e  a n  A i r  
F o r c e  S p e c i a l t y  C o d e  (AFSC) f o r  m u n i t i o n  
m a i n t e n a n c e .  T h e  d e l e t e d  AFSC, 3 1 6 X l L ,  
was  a n  e l e c t r o n i c s  m u n i t i o n  m a i n t e n a n c e  
s p e c i a l i s t .  With t h i s  s p e c i a l i s t  no l o n -  
g e r  a v a i l a b l e ,  m u n i t i o n ,  n o t  e l e c t r o n i c  
m u n i t i o n ,  s p e c i a l i s t  a r e  d i a g n o s i n g  t o -  
d a y ' s  m u n i t i o n s .  T h i s  t e n d s  t o  c r e a t e  
p r o b l e m s .  T h e  m u n i t i o n  s p e c i a l i s t s  a r e  
t y p i c a l l y  n o t  a d e q u a t e l y  t r a i n e d  t o  d i a g -  
n o s e  t h e  e l e c t r o n i c a l l y - s o p h i s t i c a t e d  mu- 
n i t i o n s  o f  t o d a y .  

E M M A  i s  c a p a b l e  o f  p r o v i d i n g  t h e  
n e c e s s a r y  t r a i n i n g  o f  m u n i t i o n  m a i n t e n a n c e  
t e c h n i c i a n s .  Using t h e  e x p l a n a t i o n  c a p a -  
b i l i t i e s  o f  EMMA, a t e c h n i c i a n  c a n  q u i c k l y  
become s k i  1 l e d  a t  d i a g n o s i n g  t h e  m u n i t i o n .  
S i n c e  E M M A ' S  k n o w l e d g e  i s  g l e a n e d  f r o m  
d i a g n o s t i c  and d e s i g n  e x p e r t s ,  t h e  n o v i c e  
m u n i t i o n  t e c h n i c i a n  u s i n g  EMMA w i l l  e f f e c -  
t i v e l y  b e  p e r f o r m i n g  a s  i f  h e  h a s  a n  e x -  
p e r t  m a i n t e n a n c e  t e c h n i c i a n ,  t h e  d e s i g n e r  
o f  t h e  t e s t  s e t ,  t h e  m u n i t i o n  d e s i g n e r ,  
and an i n s t r u c t o r  l o o k i n g  o v e r  h i s  s h o u l -  
d e r  d u r i n g  t h e  d i a g n o s i s .  A n o t h e r  a s p e c t  
o f  EMMA t h a t  s h o u l d  r e d u c e  o v e r a l l  m a i n t e -  
n a n c e  c o s t s  is i ts  a b i l i t y  t o  d i a g n o s e  t o  
a g r e a t e r  c o m p o n e n t  l e v e l  t h a n  e x i s t i n g  
t e s t  s e t s  u s e d  b y  t o d a y ' s  t e c h n i c i a n s .  
T h i s  s h o u l d  s i g n i f i c a n t l y  r e d u c e  t h e  c o s t s  
a s s o c i a t e d  w i t h  s h i p p i n g  f a u l t y  m u n i t i o n s  
t o  t h e  d e p o t ,  s i n c e  m o r e  f a u l t s  c a n  be 
i s o l a t e d  a t  t h e  f i e l d .  

The  m u n i t i o n  d e p o t s  a r e  c u r r e n t l y  
r e s p o n s i b l e  f o r  t h e  m a j o r i t y  o f  m u n i t i o n  
r e p a i r s .  The  f i e l d  h a s  v e r y  l i m i t e d  re -  
p a i r  c a p a b i l i t i e s .  This r e s u l t s  i n  i n -  
c r e a s e d  c o s t s  f o r  o v e r a l l  m a i n t e n a n c e  o f  a 
m u n i t i o n  s y s t e m .  T h e  o b v i o u s  c o s t  is  
t r a n s p o r t a t i o n  of  t h e  m u n i t i o n  be tween t h e  
f i e l d  a n d  t h e  d e p o t .  H o w e v e r ,  t h e  l e s s  
t a n g i b l e  and p o t e n t i a l l y  more  s i g n i f i c a n t  
c o s t  i s  t h a t  o f  h a v i n g  t h e m u n i t i o n  o u t  o f  
t h e  i n v e n t o r y .  T h i s  e f f e c t i v e l y  r e d u c e s  
t h e  number o f  missi les  a v a i l a b l e  f o r  exer- 
cises O K  c o n f l i c t .  

F u t u r e  U a i n t e n a n c e  S y s t e m s  

EMMA p r o t o t y p e s  h a v e  p r o v e d  t h e  f e a -  
s i b i l i t y  o f  a p p l y i n g  A I  t o  m u n i t i o n  main-  
t e n a n c e .  I n  f u t u r e  weapon s y s t e m s ,  main-  
t e n a n c e  e x p e r t  s y s t e m s  s h o u l d  e v o l v e  w i t h  
t h e  w e a p o n  s y s t e m  i n s t e a d  o f  a f t e r  t h e  
f a c t .  T h i s  would  a l l o w  t h e  e x p e r t  s y s t e m  
t o  c a p t u r e  k n o w l e d g e  a b o u t  t h e  w e a p o n  a s  
i t  i s  d e v e l o p e d .  F u r t h e r m o r e ,  t h e  e x p e r t  
s y s t e m  s h o u l d  be  i n c o r p o r a t e d  d i r e c t l y  
i n t o  t h e  ATE i n s t e a d  o f  a u g m e n t i n g  t h e  ATE 
r i t h  a s e p a r a t e  c o m p u t e r  s y s t e m .  T h i s  
s h o u l d  make  w e a p o n  s y s t e m s  o f  t h e  f u t u r e  

more s u p p o r t a b l e  by  c o n s i d e r i n g  t h e  main-  
t e n a n c e  a s p e c t  e a r l y  i n  t h e  w e a p o n  l i f e  
c y c l e .  

SUMMARY 

T a c t i c a l  m u n i t i o n  m a i n t e n a n c e  o f  t o -  
d a y  h a s  p r o b l e m s .  E M M A  i s  a n  a t t e m p t  t o  
r e l i e v e  some o f  t h e s e  p r o b l e m s  b y  a p p l y i n g  
a r t i f i c i a l  i n t e l l  i g e n c e / e x p e r t  s y s t e m  
t e c h n o l o g y .  The r e s u l t s  o f  E M M A  i n d i c a t e  
t h a t  t h i s  a p p r o a c h  t o  m u n i t i o n  m a i n t e n a n c e  
h a s  s i g n i f i c a n t  p o t e n t i a l  f o r  f u t u r e  tac- 
t i c a l  m a i n t e n a n c e  s y s t e m s .  

C o r p o r a t e  k n o w l e d g e  r e t e n t i o n  is o n e  
o f  t h e  p r e m i u m  b e n e f i t s  of  EMMA. S i n c e  
EMMA is u p d a t e d  e a s i l y  and i t  n e v e r  " f o r -  
g e t s "  knowledge ,  EMMA is a n  e x c e l l e n t  t o o l  
f o r  s t o r i n g  c o r p o r a t e  knowledge  a s  t e c h n i -  
c i a n s  come a n d  go.  A l s o ,  E M M A  p r o v i d e s  
c o n s i s t e n t ,  h i g h  q u a l i t y  d i a g n o s i s  s i n c e  
i t  n e v e r  h a s  a IlbadIl d a y  a s  c o n t r a s t e d  
w i t h  t e c h n i c i a n s .  R a p i d  f a u l t  i s o l a t i o n  
and e f f i c i e n t  manpower u t i l i z a t i o n  a re  two 
more b e n e f i t s  o f  u s i n g  EMMA. These  b e n e -  
f i t s  p r o v i d e d  by  EMMA w i l l  r e s u l t  i n  s u b -  
s t a n t i a l  m i s s i o n  p a y o f f s .  Weapon s y s t e m  
d o w n t i m e  w i l l  b e  d e c r e a s e d  a s  w e l l  a s  
p e r s o n n e l  r e q u i r e m e n t s  and t r a i n i n g  t i m e .  
H o w e v e r ,  t h e  m o s t  s i g n i f i c a n t  p a y o f f  is  
t h e  i n c r e a s e  i n  t h e  r e l i a b i l i t y  o f  m u n i -  
t i o n  m a i n t e n a n c e  p r o c e d u r e s .  
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